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METHOD OF FORMING A PTFE INSULATION LAYER OVER A METALLIC 
CONDUCTOR AND PRODUCT DERIVED THEREFROM 



FIELD OF THE INVENTION 

5 This invention relates generally to a method of fabricating an insulated 

conductor, and more particularly to a method of extruding over a metallic conductor 
a low loss, unsintered polytetraflouroethylene (PTFE) dielectric core surrounded by 
a sintered PTFE skin. 



10 BACKGROUND OF THE INVENTION 

Polytetraflouroethylene (PTFE) is typically used as an electrical 
insulator over metallic conductors in the form of coaxial cables or other types of 
electrical conductors. PTFE has an extremely high melt viscosity. Consequently, 
PTFE cannot typically be melt processed. Instead, the PTFE to be processed is 

15 typically a fine powder. The powder is mixed with a processing or extruding aid of 
about 15% to 20% by weight relative to the PTFE. The extruding aid is typically an 
oil such as, for example, Naphtha. For wire applications, the resulting slurry is then 
forced by paste extrusion onto and to thereupon coat a conductor. This product is 
then processed through a vaporizing oven at about 450° F to vaporize the extruding 

20 aid out of the PTFE. The product is then further processed through a sintering oven 
wherein the PTFE is heated above its sintering point of about 700° F. When the 
product exits the sintering oven, the fully sintered PTFE congeals into a solid, 
homogenous mass. The paste extrusion, vaporizing oven and sintering oven are 
usually implemented in one continuous process to treat the product. The material is 
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pulled through this process by conventional wire and cable equipment. The velocity 
of propagation (V p ) of the resulting product is about 70% of the speed of light. 

During the above-described process, there are typically required 
several pieces of equipment to pull the coated conductor. The equipment pieces 
5 exert their pulling force on the paste extruded PTFE. The PTFE is fully sintered, and 
unfortunately has a larger attenuation at high operating frequencies of, for example 
18 GHz or higher, as compared to unsintered PTFE. 

It is a general object of the present invention to provide a method of 
extruding PTFE over a metallic conductor and product derived therefrom that 
10 avoids the above-mentioned drawbacks. 



SUMMARY OF THE INVENTION 

In a first aspect of the present invention, a method of forming a 
dielectric insulation layer over a metallic conductor of a processed product includes 
15 the steps of extruding a generally non-melt processable dielectric such as, for 

example, polytetrafluoroethylene (PTFE) over a metallic conductor, and heating the 
dielectric to a temperature substantially below that of the sintering temperature of 
the dielectric so as to form a sintered dielectric skin over an unsintered dielectric 
core. 

20 In a second aspect of the present invention, a method of forming a 

polytetrafluoroethylene (PTFE) insulation layer over a metallic conductor of a 
processed product includes the steps of extruding PTFE with an extruding aid over a 
metallic conductor. The extruding aid is vaporized out of the PTFE. The PTFE is 
heated to a temperature substantially below that of the sintering temperature of 

25 PTFE so as to form a sintered PTFE skin over an unsintered PTFE core. 

In a third aspect of the present invention, a method of forming a PTFE 
insulation layer over a metallic conductor of a processed product includes the steps 
of conveying the processed product at a generally constant speed during a 
fabrication process. The process includes extruding PTFE with an extruding aid 

30 through a die and over a metallic conductor. The extruding aid is vaporized out of 
the PTFE at a temperature of about 450° F. The PTFE is heated to a temperature of 
about 500° F so as to form a sintered PTFE skin over an unsintered PTFE core. 

An advantage of the present invention is that the fabrication process is 
accomplished at generally the same speed throughout the process. 



A second advantage is that a low loss, unsintered PTFE skin is formed 
compared to a fully sintered PTFE layer. 

Other advantages will be made apparent with reference to the 
description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow diagram of a process for forming a PTFE insulation 
layer over a metallic conductor to form a processed product according to an 
embodiment of the present invention. 

FIG. 2 schematically illustrates an example of equipment employed for 
forming the processed product according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference to FIG. 1, an embodiment of a process for forming a 
polytetrafluoroethylene (PTFE) insulation layer over a metallic conductor to form a 
processed product in accordance with the present invention is illustrated by the flow 
diagram of FIG. 1. Although a PTFE insulation layer is used in the embodiment, it 
should be understood that other dielectrics such as for example, generally non-melt 
processable thermoplastic materials may be used without departing from the scope 
of the present invention. 

A metallic conductor to be treated with a PTFE insulation layer is fed 
off of a power payoff (step 10) and along a conveyor system. The conductor is fed 
through a die associated with an extruder while PTFE mixed with an extruding aid 
or lubricant, for example, a petroleum solvent such as VMP Naphtha, is extruded 
over the conductor (step 12). The processed product is heated to a temperature of, 
for example about 450° F in one or more vapor ovens or zones to vaporize the 
extruding aid out of the PTFE (step 14). The processed product is then subjected in 
one or more sinter ovens or zones having an increased temperature relative to the 
vaporizing temperature for forming a sintered PTFE skin over an unsintered PTFE 
core (step 16). The temperature is substantially below that of a PTFE sintering 
temperature so as to form non-homogenous areas and interdispersed voids 
throughout the PTFE layer. These voids create a high velocity of propagation at 
values of, for example, about 76.5% of the speed of light. As an example, the 
processed product is exposed to a temperature of about 500° F, whereas the 
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temperature for fully sintering the PTFE is typically about 700° F. The processed 
product is taken up on a powered take-up spool (step 18) and is air cooled (step 20). 

More specifically with respect to the skin forming step 16, unsintered 
PTFE has a lower loss tangent than fully sintered PTFE by at least a magnitude. This 
5 is an advantage at frequencies of, for example, 18 GHz and above because the 
attenuation contribution from the dielectric PTFE becomes significant at high 
frequencies. In other words, unsintered dielectric has significantly better attenuation 
properties than sintered at high frequencies. Heating the PTFE to a temperature 
substantially below that of its sintering temperature provides a minimum skin or 
10 sintered portion on the outside edge of and surrounding an unsintered core of the 
PTFE. The unsintered core thus provides low attenuation at high frequencies. 

The skin provides the physical integrity to hold the dielectric core 
together. For example, the slight sintering prevents separation of the unsintered 
PTFE fibers. Without this the dielectric could split along the axis of the cable. The 
15 amount of sintering on the outside of the dielectric is minimized since any portion of 
the dielectric that is sintered adds to the overall attenuation of the cable. 

FIG. 2 schematically illustrates an example of processing equipment 
for carrying out the method of forming a PTFE insulation layer over a metallic 
conductor in accordance with the present invention. An extruder 100 includes a die 
20 for shaping the PTFE insulation layer as it is extruded over the metallic conductor. 
The processed product is conveyed at a generally constant speed through first and 
second vapor ovens or zones 102 and 104 for vaporizing the VMP Naphtha out of 
the PTFE. The processed product continues to be conveyed at a generally constant 
speed through the first, second and third sinter ovens or zones 106, 108 and 110 to 
25 form a sintered PTFE skin over an unsintered PTFE core, and such that non- 
homogenous areas of PTFE are formed with interdispersed voids. Although two 
vapor ovens and three sinter ovens are shown, a different number of vapor ovens 
and sinter ovens may be employed without departing from the scope of the present 
invention. 

30 A more specific processing example will now be explained. A 

conductor is fed off of a power payoff with a dancer set at 15 psig for line tension. 
PTFE such as, for example, CFP 6000 Grade PTFE manufactured by DuPont mixed 
with an extruding aid such as VMP Naphtha ranging from 16% to 20% by weight is 
extruded onto 0.034" diameter center conductor (drawn to size). A 0.038" guider tip 



is employed to pull a center conductor through a 0.090" die with a 0.287" land 
length. The finished PTFE core extrusion size is expanded out from 0.090" die 
diameter to about 0.096" diameter prior to entering the first vapor oven 102. The 
first and second vapor ovens 102, 104 vaporize the VMP Naphtha out of the PTFE. 
5 The three sinter ovens 106, 108, 110 complete vaporization. Additionally, a 0.003" to 
0.005" PTFE skin forms on the outside edge of the unsintered PTFE core. After 
exiting the third sinter oven 110, the PTFE shrinks to approximately 0.092" to 0.094". 
The material is taken-up on a powered take-up spool. The core is further air-cooled 
and shrinks to its final size. The resultant PTFE layer has a sintered skin 

10 surrounding an unsintered core, and has a velocity of propagation of about 76% of 
the speed of light. Diameter gauging during processing may be done with electronic 
Lasermike gauges. The processing speed is generally constant throughout the 
process and is approximately 14 feet/ minute. The two vapor zones 102, 104 are set 
" to 450° F, and the three sinter zones 106, 108, 110 are set to 500° F. The reduction 

15 ratio is about 1230:1. 

The residence time in the ovens is about 4.4 minutes. This length of 
time is based on a sixty-two feet length of the ovens for the 14 feet/minute 
processing speed. Employing different oven lengths results in adjusting the 
processing speed to achieve approximately the same residence time (and thus the 

20 thermal history that the coaxial core experiences). Different core sizes, however, 

(i.e., either the conductor and/or the overall PTFE thickness) results in different total 
thermal history requirements, and consequently results in different residence times 
for a particular oven length. 

Although the invention has been shown and described above, it should 

25 be understood that numerous modifications can be made without departing from 

the spirit and scope of the present invention. Accordingly, the present invention has 
been shown and described by way of illustration rather than limitation. 



